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Claim Amendments 



Please amend claims .1, 8, 13, and 18 au ioliowtf: 



2 



PAGE 4/26 * RCVD AT 1/2312006 2:39:21 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-6/29 * DNIS:2738300 1 CSID: 1 24S5404035 * DURATION (mm-ss):05-16 



• 01-23-' 06 15:52 FROM -TUNG S ASSOCIATES 12485404035 T-387 P05/26 U-396 

U.S. S.N. l() f 7BR, 912 

Claims as Amended 

1 , (currently amended) h method lor. lorruing a copper dual 
damascene with improved eoppe i ft m i g r a t i o r\ — r e si stance bar tier layer 
thickness uniformity and improved electrical resistivity 
comprising the steps of: 

providing a substrate comprising upper and lower dielectric 
insulating layers separated by a middle etch stop .layer 
eomprisi nq mul t i pi e 1 ayers; 

forming a dual, damascene opening by first forming a via 
extending through a thickness of the upper and .lower dielectric 
i nsula L ing layer a ; 

then forming an upper trench line portion extending through 
the upper dielectric insulating layer thickness and partially 
through the middle etch stop layer thickness including an 
uppermost layer comprising the middle etch stop layer; 

then blanket depositing a barrier layer comprising at least 
one of a refractory metal, and refractory metal nitride to line 
the dual damascene opening; 
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L he rt removing a bottom portion of the barrier layer to 
reveal, an nnderl.yi ng conductive area according to j pi. a sm a 
etching process, sa id plasma etching, jaropesa . further^ improving 

said barrier layer thickness, uniformity along trench and via 

aide walls ; and , 

then filling the dual, damascene opening with copper to 
provide a substantially planar surface. 

2, (original) The method of claim 1, wherein the middle etch stop 
layer comprises at least two different material layers including 
a lowermost layer and an uppermost layer. 

3. (original) The method of claim 1, wherein the middle etch stop 
layer comprises at least two different material layers selected 
irom the group consisting ol silicon nitride, silicon oxyni tr.i de, 
si 1 i con carbide, and si 1 i con oxycarbide . 

A. (original) The method of claim 1, wherein the middle etch stop 
layer comprises a .lowermost layer selected from the group 
consisting of silicon nitride and silicon oxyni tride and an 
uppermost layer selected Irom the group consisting of silicon 
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carbide, arid silicon oxycarbide. 

f>. (original) The method ol claim 1, wherein Lho middle oLch atop 
layer comprises a silicon oxyn.itride Lowermost layer and a 
si .1. i con carbi de uppermost layer . 

6, (original) The method ol claim 1, wherein Lhc barrier layer is 
selected from the group consisting of Ta, Ti, W, TaN, TiN, WN, 
and TaftiN. 

7, (original) The method oX claim 1, wherein the barrier layer- 
consists essentially of a Ta/TaN composite Layer* 

8, (currently amended) The method of claim 1, wherein the tslep ol 
blanket depositing is selected from the group consisting of a PVD 
process and an .ion metal plasma (IMP) process. 

9, (previously presented) The method of claim 1., wherein the step 
of removing a bottom portion comprises a remote plasma etch 
LrcatmcriL . 

10, (previously presented) The method of claim 9, wherein the 
remote piauitia etch treatment comprises one of an RF and microwave 
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power source . 

11. (original) Tiic method ol claim 1, whoroin the underling 
conductive area comprises copper. 

12. (original) The method of claim "1 , wherein the step of .Pilling 
tho dual damascene opening with copper comprises the steps of: 

depositing a copper seed layer; 

carrying out an electro-chemical deposition process to fill 
the dual damascene opening wiLh a copper lining; and, 

carrying ouL a CMP process to remove at least tho copper 
filling portion overlying the dual damascene opening level. 

13. (currently amended) A method for forming a copper dual 
damascene with improved copper migration reala Lance and improved 
electrical resistivity a n _d_ J?A r \L i ejL layer thickness uni for mity 
comprising the steps of: 

providing a substrate comprising upper and lower dielectric 
insulating layers separated by a composite middle etch slop 
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layer; 

forming a dual, damascene opening by LirsL forming a via 
extending through a thickness of the upper and lower dieiccLric 
i nsulating layers ; 

then forming an upper Lrcnch line portion oxLcnding through 
Lho upper dielectric insulating layer thickness and partially 
through a thickness ol the middle etch stop layer; 

then blanket depositing a barrier layer comprising at leasL 
one ol a refractory metal, and refractory metal nitride to line 
the dual damascene opening; 

then carrying out a remote plasma etch treatment of the dual 
damascene opening Lo remove? a bottom portion of the barrier layer 
to reveal an underlying conductive portion , said remote plasm a 
<r:*L f- fc her i mp r ovi nq sai d barrier layer thickness uniformity 
along Lrcnch a nd via sidowalls.; and, 

then filling the dual damascene opening with copper to 
provide u substantially planar surface. 
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14. (original) The method of claim 13, wherein Lhe composite etch 
stop layer comprises a lowermost layer selected from the group 
consisting of silicon nil ride and s.1 1 icon oxynit.ri.de and an 
uppermost layer selected from the group consisting of silicon 
carbide, and silicon oxycarbide. 

15. (original) The method of claim 13, wherein the composite etch 
stop layer comprises a silicon oxyni.tride lowermost layer and a 
sill con ca rbi de uppermost layer . 

16. {original) The method of claim 13, wherein the barrier layer 
is selected from the group consisting of Tu, Ti, W, TaN, TiN, WIM, 
and TaSiN. 

17. (original) The method of claim 13, wherein the barrier Lsyer 
consists essentially of a Ta/TaNl composite layer. 

18. (currently amended) The method of claim 13, wherein the step 
of blanket depositing is selected from the group consisting of a 
PVD process and an ion metal plasma (IMP) proceaa. 

1$). (original) The method of claim 13, wherein the remote plasma 
etch treatment comprises a remote plasma generator disposed 
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upstream of an etch process chamber. 

20. (original) The? method of claim 13, wherein the remote plasma 
etch treatment compi'iucu one oi' an RF and microwave power source. 

21. (original.) The method of claim 1.3, wherein the underling 
conductive area comprises copper. 

22. (original) The method ol claim 13, wherein the step of 
fi.lli.ng the dual damascene opening with copper comprises the 
steps of: 

depositing a copper seed layer; 

carrying out an electro-chemical deposition process to fill 
the dual damascene opening with a copper filling; and, 

carrying out a CMP process to remove at least the copper 
filling portion overlying the dual damascene opening level. 
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